We discuss (n+1)-dimensional dynamical wormholes in an evolving cosmological background with a throat expanding with time. These solutions are examined in the general relativity framework. A linear relation between diagonal elements of an anisotropic energy-momentum tensor is used to obtain the solutions. The energy-momentum tensor elements approach the vacuum case when we are far from the central object for one class of solutions. Finally, we discuss the energy-momentum tensor which supports this geometry, taking into account the energy conditions.
Introduction
Wormholes are hypothetical objects which connect two distant parts of the same spacetime or two different spacetimes by a throat-like object which has the minimum radius of the spacetime. Although a wormhole solution first entered the physics literature in 1916 (Flamm 1916) , the concept was first considered seriously in 1935 by Einstein and Rosen (1935) which was later called Einstein-Rosen bridge but the word wormhole was first time coined by Wheeler (1957) . A more interesting analysis of wormholes was performed by Morris and Thorne (1988) It was known from before that matter we need to support such a geometry violates the weak and strong energy conditions near the throat (Borde 1987; Hawking 1992) . Morris and Thorne reconsidered these conditions for a traversable wormhole (Morris and Thorne 1988) . Since the matter that supports this geometry doesn't satisfy the common energy conditions they called it 'exotic'. An example of exotic matter is matter with negative energy density (Morris and Thorne 1988) .
Another property of these wormholes is the possibility of transforming them into time machines for backward time traveling (Morris et al. 1988; Frolov and Novikov 1990) and thereby, perhaps for causality violation by closed timelike curves. Teo (1998) found that the null energy condition (NEC) is violated by stationary, axially symmetric, traversable wormholes but there can be classes of geodesics which do not cross energy condition violating regions. Another case of evolving wormholes may alter this situation (Kar and Sahdev 1995; Riazi and Nasr 2000a) . It is known that we can have violations of weak energy condition (WEC) due to some quantum mechanical effects (such as Casimir effect) (Epstein et al. 1965 ). If we search for this effect in the history of evolving cosmos, we can find such a situation at the quantum cosmological era when quantum gravity is dominant. Following the inflation theory by Guth (1981) it has been supposed that non-trivial topological objects such as microscopic wormholes may have been formed during that era and then enlarged to macroscopic objects with expansion of the universe (Roman 1993; Riazi 1996 Riazi , 2003 Riazi and Nasr 2000a) . Although most studies have focused on four dimensions, with the advent of string theory that demands higher dimensional spacetimes, it is natural to examine the possibility of wormholes beyond the ordinary four dimensions. Euclidean wormholes in string the-ory have recently been studied (Maldacena and Maoz 2004; Bergshoeff et al. 2006 Bergshoeff et al. , 2008 Arkani-Hamed et al. 2007; Bergman and Distler 2007) This paper is organized in the following manner: in Sect. 2 we present the ansatz metric and the resulting solutions in 4-dimensions. In Sect. 3, we extend the solutions to (n + 1)-dimensions. In Sect. 4, we investigate the corresponding energy-momentum tensor and determine the exoticity parameter. The last section is devoted to conclusions and closing remarks.
Field equations
It is very common today that we start studying cosmology with the so-called 'cosmological principle'. It states that the universe at large scale is homogeneous and isotropic. With this assumption, we find out that the metric we need to demonstrate such a spacetime in 4-dimensions is as follows
which is known as the Robertson-Walker (RW) metric (Weinberg 1972) . The coordinate system (r, θ, φ) used here is the so-called 'co-moving coordinate system'. R(t) is the scale factor and the only dynamical parameter to determine. k = 0, ±1 correspond to spatially flat, closed and open spacetimes respectively. This metric contains a high degree of symmetry which is demonstrated by its six killing vectors. For our aim, we need to generalize this metric to (n + 1)-dimensions and reduce its symmetry. We break its homogeneity by replacing 1/(1 − kr 2 ) with 1 + a(r). This metric is still isotropic about r = 0 but not necessarily homogeneous. We therefore write our ansatz metric as
where a(r) is an unknown function. It is clear that the Robertson-Walker metric is a special case of this metric.
With this ansatz metric, we look at our equations. We start with n = 4 and then extend the solutions to arbitrary n. In the first step we write our ansatz metric for 5-dimensions (n = 4)
The non-vanishing components of the Einstein tensor for our ansatz metric read
in which 'dot' is derivative with respect to t, while 'prime' is derivative with respect to r. Such a geometry is supported by an anisotropic, diagonal energy-momentum tensor:
In these relations P t and P r are the transverse and radial pressures, respectively.
Here, we assume the following equation of state
where γ depends on n the dimension of the space. This equation reduces to the vacuum equation of state P = −ρ when P r = P t . Using (8-10) and relation (11) in 5-dimensions (n = 4), we obtain: 6Ṙ 2 R 2 + 3 2 ra + 2a(1 + a) R 2 r 2 (1 + a) 2
